This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. [TG]), uric acid, blood pressure (BP), serum creatinine, glycosylated hemoglobin (HbA1c), thyroid-stimulating hormone (TSH), postprandial glucose, and any related comorbidities. Results: This study reported significant differences between family history duration of patients with T2DM of ≤5 and >5 years when compared to that of control subjects with respect to body mass index (BMI), smoking habit, sheesha smoking, income, family history of metabolic syndrome, hypertension, coronary heart disease, and nephropathy. Similarly, significant differences were found between patients with T2DM (with family history T2DM duration of less than 5 years and more than 5 years in contrast to healthy subjects' level of LDL, TG, fasting blood glucose, HbA1c, systolic BP (SBP), bilirubin, albumin, magnesium, potassium, calcium, number of sleeping hours, and TSH. We uncovered the correlation between serum uric acid level with the clinical biochemical indices related to T2DM: serum calcium (r = 0.336), magnesium (r = 0.272), potassium (r = 0.205), HbA1c (r = 0.638), fasting blood glucose (P = 0.486), bilirubin (r = 0.251), albumin (r = 0.285), LDL (r = 0.322), TG (r = 0.434), diastolic BP (DBP) (r = 0.392), SBP (r = 0.344), BMI (r = 0.482), waist circumference (WC) (r = 0.366), age (r = 0.217), number of sleeping hours (r = 0.275), and TSH (r = 0.445). Multivariate stepwise logistic regression showed that variables, such as serum vitamin D, uric acid, TSH, HbA1c, DBP, WC, BMI, and SBP, were considered at higher risk as significant (P < 0.001) predictors for T2DM. Conclusion: The results suggest strong positive correlation between serum uric acid level with BP (SBP and DBP), age, BMI, and WC among patients with T2DM. This study ascertains that an increase in uric acid level may be due to elevated level of HbA1c, metabolic syndrome, diabetes, obesity, and/or hypertension. Bener, et al.: Can uric acid and vitamin D predict risk of type 2 diabetes mellitus
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IntroductIon
T ype 2 diabetes mellitus (T2DM) with its comorbidities and mortality poses a significant burden on health-care expenditure. Substantial epidemiological studies suggest the pivotal role of serum uric acid as independent risk factor of cardiovascular disease (CVD), particularly in patients with hypertension and DM. [1, 2] T2DM is also a prime risk factor for CVD, [3, 4] which is the leading cause of death in Western countries. [3] [4] [5] Several modifiable risk factors, for example, diet, physical activity level, and sleep duration, can reduce the incidence of T2DM among at-risk individuals. [2] Several prospective studies have documented the impact of elevated serum uric acid level on the development of T2DM, metabolic syndrome, [2] hypertension, [3] and CVD. [4] 'Similarly, it has been confirmed that serum uric acid is a probable risk factor for developing DM, [6] [7] [8] metabolic syndrome, [8, 9] hypertension, stroke, [9, 10] and CVDs. [11] The value of elevated levels of uric acid in serum as risk factor for DM development is still under scrutiny. More recent studies have shown that uric acid levels are higher in subjects with prediabetes and early T2DM than that in healthy controls. [8, 9] Furthermore, an elevated serum uric acid level was found to increase the chances for developing T2DM in individuals with impaired glucose tolerance. [10] An elevated uric acid level, as reported, often precedes the development of obesity, [9] hyperinsulinemia, [10] [11] [12] and diabetes. [13] [14] [15] In addition, uric acid has been implicated in the initiation of metabolic syndrome [16] and hypertension. [17] The aim of the study was to examine the potential role of uric acid as biomarker for impaired glucose metabolism and diabetes in Turkish population.
subjects And Methods
This study was based on 680 patients with T2DM and 680 healthy subjects aged between 25 and 70 years, who visited the diabetes and endocrinology department of Istanbul Mega Medipol University Teaching Hospital, Istanbul, Turkey, during January 2016 to April 2018.
Laboratory measurements
People living with T2DM were considered as "case" patients if they had a history of DM and were taking any oral diabetes medications for 3 years. [18] [19] [20] These "case" subjects were investigated for their lipid profile (total cholesterol, low-density lipoprotein [LDL] , high-density lipoprotein [HDL] , triglyceride [TG] ), glycosylated hemoglobin (HbA1c), postprandial glucose, blood pressure (BP), serum creatinine, thyroid, and presence of any related medical comorbidities. On the contrary, "healthy" subjects were the ones who were not taking any DM medications and whose HbA1c levels were less than 6.5% and their fasting blood glucose levels were less than 7.0 mmol/L (126 mg/dL), which were confirmed from their medical records.
Statistical analysis
Student's t-test was conducted to reveal if any significant difference exists between mean values of two continuous variables. One-way analysis of variance (ANOVA) was used for comparison of more than two mean values. Fisher's exact test (two-tailed) and chi-square test were used to show differences in proportions of categorical variables between two or more groups. Multivariate logistic regression analysis was used to estimate the associated risk factors for T2DM. Pearson's correlation coefficient test was used between two continues variables (P < 0.05 was regarded as the cutoff value for significance).
results
Sociodemographic and clinical characteristics of investigated cases/patients with T2DM and control subjects are shown in Table 1 . The findings showed significant differences between patients with T2DM with less than 5 years and more than 5 years of T2DM history when compared with control subjects with respect to their body mass index (BMI) (kg/m 2 ), smoking habit, sheesha smoking, income, family history of metabolic syndrome, hypertension, coronary heart disease (CHD), and nephropathy. Table 2 shows the baseline values of biochemical indices among patients with T2DM versus control subjects. Significant differences were reported between patients with T2DM (with less than 5 years and more than 5 years of T2DM history) when compared to control subjects with respect to the values of their calcium (P < 0.001), magnesium (P < 0.001), potassium (P < 0.001), HbA1c (P < 0.001), fasting blood glucose (P < 0.001), TG (P < 0.001), LDL (P = 0.008), bilirubin (P = 0.015), systolic BP (SBP) (P = 0.009), albumin (P < 0.001), number of sleeping hours (P < 0.001), and thyroid-stimulating hormone (TSH) (P < 0.001). Table 3 
dIscussIon
The study reports strong positive correlation between uric acid and HbA1c levels. The current results are confirmative with other reported that correlations Chi-square test was performed ATP = Acute thrombocytopenic purpura between uric acid levels and diabetes, family history of hypertension, metabolic syndrome, CHD, and diabetic nephropathy. [21, 22] Further, we reported a correlation between uric acid levels and age, BMI (kg/m 2 ), continuation of DM, and WC. These reported results are in agreement with the literature. [8] The correlation between uric acid and HbA1c levels can be considered as an important risk factor. While preceding researches reported thaturic acid was associated with T2DM, and similarly, we established positive association between these variables. [3, [8] [9] [10] [11] 15, 21, 22] We also report a positive correlation between a high level of uric acid and DBP-SBP among patients with T2DM. Uric acid levels were correlated with the risk of metabolic syndrome and BP and TSH. The association of uric acid levels and T2DM incidence has been indicated in several other populations, [13, 23, 24] which are consistent with our studies among patients with T2DM.
Furthermore, other scientists [13, 21, 22] reported strong positive relationships between the uric acid level, thyroid diseases, and vitamin D deficiency in patients with T2DM. Finally, the prevention and early detection of elevated level of uric acid in both patients with T2DM and hypertension can provide effective investigative tool in reducing CVD. The result with relation to incident prediabetes is consistent with previous research on this subject using impaired fasting glucose level as an end point. This could indicate that serum uric acid is more closely associated with early-phase rather than late-phase mechanisms that play a role in the development of T2DM. [13, 22] Serum uric acid level has been investigated in relation to incident T2DM in individuals with impaired fasting glucose level by Kramer et al., [21] who found a significant association after adjusting for various confounders in study population with characteristics similar to ours. It is possible that residual confounding in the previous study could account for this difference. These covariates were particularly impactful in our multivariable-adjusted model. [13, 21, 22] The strengths of our study include its prospective cohort nature, which minimizes the chance of reverse causation, its long follow-up time, and our ability to adjust for a large set of confounders. However, the study has several limitations to discuss. All data were collected using a standardized protocol with rigorous quality control. First, oral glucose tolerance tests were not performed, so we could not identify participants with impaired glucose tolerance (IGT), another characteristic of prediabetes. It is possible that serum gamma-glutamyltransferase and uric acid may show different associations with IGT than that with impaired fasting glucose. Second, only one time point was recorded for the subjects in this study. Third, possible selection bias was observed as this is not a study of consecutive patients seen at our institution.
conclusIon
The results suggest a strong positive correlation between serum uric acid level with levels of SBP and DBP, age, BMI, duration of DM, and WC among patients with T2DM. This study ascertains that an increase in uric acid level may be due to elevated level of HbA1c, metabolic syndrome, diabetes, obesity, and/ or hypertension.
